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REVISED REPLY BRIEF UNDER 37 C.F.R. 41.41 

Sir: 

Appellants submit this Revised keply Brief in connection with the above-referenced pat- 
ent application wMch is on appeal to the Board of Patent Appeals and Interferences and in re- 
sponse to certain points raised by the Examiner in his Answer mailed October 24, 200.'5. The 
Reply Brief is re^'ised to take into account the Remand to Ihe Examiner by the Board on January 
31, 2007 and the iExaminer's :nibsequent OfBce communication to Appellants mailed on Rebm- 
ary 27, 2007. Appellants note that no time period was given in the Office communication for 
submitting the Revised Reply Brief Essentially, in diis Revised Reply Brief, an attached figure 
discussed in the previous Reply Brief is deleted. Tbe attached figure and the lack of a set time 
period were discuissed by the Appellants' rqiresentative with the Examiner on March 14, 2006, 
and this Revised Reply Brief Ls considered to be oc»isistent widi diat discussion and to be timely 
filed. 
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1 . Response to the ai^gument that a semiconductor 
device is equivalent to a molecular electronic device: 
On page 13, first paragraph, of the Examiner's Answer, the Examiner states tliat **the 
prior art of pecoi-d teach production of semiconductor devices which act to form electtcnic de- 
vices with molecular $tructupss'\ 

Appellants respectfully disagree for the following reasons: 

A semiconductor device is one in which the properties of the semiconductor material 
produces the beJiavior of the device. The semiconductor fi)rms the active part of the device and 
is not simply a piece of conn<xted material {This is tavmd any argument that tries to make Ap- 
pellants' molecular device into a semiconductor device by virtue of the feet that a connecting 
conductor may be doped polysilicon, or a supporting mechanical substrate may be silicon, etc.) 
A single molecule of silicon does not have the properties of a semiconductor. (Therefore, one 
could use a single molecule of silicon if one could figure out how to make it work with, some 
end group^ but it would be a molecular device and not a semiconductor device.) 

A semiconductor is not defined until there are enough atoms to have energy bandi: (typi- 
cally, a valence band and a conduction band), A semiconductor is material with energy bands, 
each containing a range of allowed states separated by a small energy interval (much less than 
ttie energy coircjiponding to ihe ambient temperature m terms of kX, where k is the BoltOTiarm 
constant and T h the tempeniture in degrees Kelvin). Because the energy interval fiom one al- 
lowed state to thi-j next within the allowed band is small (with respect to the energy of the ambi- 
ent), the electron can access a nearby state and move to a different position by moving between 
energetically acc(?ssible states. In a semiconductor, a moderately large (with respect to k'l) en- 
ergy gap (typically a few ten^s of an electron volt to several electron volts) separates allowed 
bands. At zero Kelvin tempeititure, all stales in a lower band (valence band) are filled, and all 
states in an upper band (conduction band) are empty. At finite temperature, some electn:»ns are 
thermally excited from the valence band to the conduction band» providing carriers for conduc- 
tion; the empty states in the valence band (holes) also provide carriers for conduction. 

The entirc theory of s<OTiconductor physics and electronics is based on the presence of a 
large enough number of atoms such that the ener:gy levels within an allowed "band'* of energies 
is much smaller tdan the energy corresponding to the ambient temperature. 

In contract, the theory' of molecular electronics is based on the properties of a single 
molecule in Lsolai:ion £rom like molecules. 
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A molecular device ilepends on properties of individual molecules, which have discrete 
energy levels separated by energies much greater than the enei^gy corresponding to the ambient 
temperature. Tins electrons on die energy levels withta the molecule cannot readily move to ad- 
jacent states and thus cannot move through the material classically. 

Summai'lzing, a semiconductor device does not operate at the molecular level, with mo- 
lecular structurejj. and the two mechanisms of operation are completely different. 

2. Response to the argument that a c^citive device is 
equivalent to a tunnel barrier device and that all barriers are equal : 
On page 13, second j^aj-agraph, of the Examiner's Answer, the Examiner states that "as 
Appellant admits Jun et aL at least imply barriers. Appellant further points out that there would 
be a finite probability of tunneling. This finite probability suggests a tunnel barrier layer." 
Appellants respectfully disagree for the following reasons: 

A capacitor and a tunnel barrier are indeed simflar physical structures, as both consist of 
a conductor/insulator/conductor conjfiguradon. However, they differ in one critical criteria - the 
thickness of the msulator, wjiich relates dhectly to die rate of electrical current flow across the 
insulator. 

A capacitor is a conductor/insulator/conductor structure that is deliberately constructed 
to eliminate ckcirical current flow across the insulator. In practice, this is achieved by comstruct- 
ing insulating films that are relatively tfiick (typically > 50 nanometers (nm)) compared to the de 
Broglie wavelenijth of an ele':itron (-0.5 nm in most metals) and the evanescent decay length of 
an electron quanmm mechanically tunneling into a barrier region (--0.2 nm for a 1 electron Volt 
(eV)barrier)- 

In contr2ist, a tunnel barrier is known to those skilled in the ait as a conduc- 
tor/insulator/conductor structure that is deliberately constructed to allow small electrical currents 
to flow, via quantum mechanical tunneling> across the insulator. In practice, this is achieved by 
constructing insulating films that are relatively thin (typically 1 nm - 5 nm total thickness) when 
ccHnpared to the relevant electron wavelength (H).5 nm) and evanescent decay length (~C'.2 nm) 
mentioned above . 

Thus, the critical distinction between a capacitor and a tunnel barrier must be made by 
inspecting the thii:kness of the insulating layer, and the correspcmding quantum mechanicral elec- 
tron tunnel rate. Iisulating barriers less than --5 nm may be considered tunnel barriers. Insulating 
barriers greater than --10 nm may be considered capacitors* In practice, capacitor bairiisrs are 
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conventionally made much tiiicker due to constraints of pinhole-fiee febrication and non- 
quantwm mecha:iical, theimally activated electron transport. 

Jun et al. are referring to a capacitor that functions as a capacitor, and teaches au^y from 
charge transmission. 

In contest to a capacitor, Appellants arc refenrlng to a tunnel barrier device, whei-ein the 
device operatio::i depends on the transmission of charge through the barrier by quantum me- 
chanical tunneling. 

3. Conclusion: 

The foregoing points are presented to rebut certain aspects of the Examiner's Reply. Ap- 
pellants continue: to maintain the patentability of their claimed invention. In view of the forego- 
ing and the arguj-nents presented in the Appeal Briet Appellants respectfiilly request reversal of 
tiie rejections and passing of the application to issuance. 



Respectfully submitted, 
THEODORE 1. KAMINS ET AL. 



March 2007 



David W. Collins 
Attorney for Appellants 
Registration No. 26,857 



IP Administration 
Legal Department 
M/S35 

Hewlett-Packard Company 

P.O. Box 272400, Fort CoUins, CO 80527-2400. 

Telephone calls may be made to: 
520/399-5203 (voice) 
520/399-5219 (fecsimUe) 
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Sin 

Appellar ts submit this Revised Reply Brief in connection with the above-referenced pat- 
ent appUcatioD vchich is cm appeal to the Board of Patent Appeals and Interferencss and in re- 
sponse to certain points raised by tiie Examiner in his Answer mailed October 24, 2005. Hie 
Reply Brief is revised to take into account the Remand to Ae Examiner by the Board on January 
31, 2007 and the: Examiner's subsequent OfBce communication to Appellants mailed on Febru- 
' aiy 27, 2007. Appellants.nots that no time period was given in the OfiSce communication for 
submitting tiiC Rjsvised Reply Brief. Essentially, in this Revised Reply Brie:^ an attached figure 
discussed in the previous Reply Brief is deleted. The attached figure and the lacic of a s<^ time 
period were disaassed by the Appellants' represoitative with fte Examiner on March 14, 2006, 
and this Revised Reply Brief is considered to be consistent with that discussion and to be timely 
filed. 
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1 . Renponse to the argument that a semiconductor 
device is equivalent to a molecular electronic device: 
On page 13, first pajBgr^, of the Examiner's Answer, the Examiner states ttiat *1he 
prior art of recoitl teach production of semiconductor devices which act to forni electronic de- 
vices with molecular $tructun:s". 

Appellants respectfully disagree for the following reasons: 

A semiconductor device is one in which the properties of the semiconductor materia] 
produces the beliavior of fbc device. The semiconductor forms the active part of the device and 
is not simply a p::ec& of conntscted materia]. (Jtds is toward any argument that tries to make Ap- 
pellants' molecular device into a semiconductor device by virtue of tfie feet that a connecting 
conductor may be doped polysilicon, or a supportuig mechanical substrate may be silicon, etc.) 
A single molecule of silicon does not have the properties of a semiconductor. (Therefore^ one 
coutd use a single molecule of silicon if one could figure out how to make it woric witli some 
end group, but it would be a molecular device aniiMn. semiconductor device.) 

A semiconductor is not defined until there are enough atoms to have energy bands (typi- 
cally, a valence band and a conduction band). A semiconductor is material with energy bands, 
each containing a range of allowed states separated by a small energy interval (much Ie.$$ than 
the energy con^ponding to the ambient temperature in terms of kT, where k is the BoHzmann 
constant and T i:: the tempentture in degrees Kelvin). Because the energy interval iSrom one al- 
lowed state to Hhii next within the allowed band is small (with respect to the energy of the ambi- 
ent), the electron can access a nearby state and move to a dififerent position by moving between 
energetically accessible states. In a semiconductor, a moderately large (with respect to kl) en- 
ergy gap (typical ly a few tendis of an electron volt to several electron volts) separates allowed 
bands. At ssero Kelvin tempemture, all states in a lower band (valence bsjid) are filled, and all 
states in an upper band (conduction band) are empty. At finite temperature, some electrons are 
thermally excited from the valence band to the conduction band^ providing carriers for Ci^nduC' 
tion; the empty sl^^tes in the valence band (holes) also provide carriers for conduction. 

The entin-:: theory of s^iconductor physics and electronics is based on the presence of a 
large enough number of atoms such that the energy levels within an allowed ^*band" of energies 
is much smaller ttian the energy corresponding to the ambient temperature. 

In contrast, the theorj' of molecular electronics is based on the properties of a single 
molecule m isolauion fi'om like molecules. 
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A motecular device dep^Kb on properties of individual moleculeS) which have discrete . 
energy levels sejwated by energies much grcatw* than the energy corresponding to the ambient 
temperature. Tht^ electrons on the energy levels within the molecule cannot readily moy^ to ad- 
jacent states and thus caimot move through the material classically. 

Summarizing) a semiconductor device does not opmte at the molecular level, with mo- 
lecular structures^ and the twi) mechanisms of operation are completely different. 



2. Response to the argument that a capaoitive device is 
equivalent to a tunnel barrier device and that all barriers are equal : 
On page 13, second i^aragraph, of the Examiner's Answer, the Bxammer states uhat '*as 
Appellant admits Jun et al. al least imply baniers. Appellant further points out that there would 
be a finhe probability of tunneling. This finite probability suggests a tunnel barrier layer.*^ 
Appellants respectfully disagree for the following reasons: 

A capaci.!»r and a tunnel bairier are indeed sunilar physical structures, as both consist of 
a conductor/Insi'ilator/conductor configuration. However, they differ in one critical criteria- the 
thickness of the msulator, which relates directly to the rate of electrical currrat flow across the 
insulator. 

A capacitx>r is a conductor/insulator/conductor structure that is deliberately constructed 
to eliminate elecuical current flow across the insulator. In practice, tiiis Is achieved by construct- 
ing insulating films that are nslatively thick (typically > 50 nanometers (nm)) compared to the de 
Broglie wavelength of an electron (H}.5 nm in most metals) and the evanescent decay lengdi of 
an electron quani*tim medianicaliy tunneling into a barrier region (r^2 nm for a 1 electron Volt 
(eV) barrier). 

In contTEist, a tunnel bairier is known to those skilled in the art as a conduc- 
tor/insuIator/con:Iuctor structure that is deliberately constructed to allow small electrical currents 
to flow, via quantum mechan ical tunneling, across the insulator. In practice, this is achieved by 
constructing insulating films that are relatively thin (typically 1 nm - 5 nm total thickness) when 
compared to the :relevant electron wavelength (~0,5 nm) and evanescent decay length (-0.2 nm) 
mentioned abovc^ 

Thus, the critical distinction between a capacitor and a tunnel barrier must be made by 
inspecting the tbiz^kness of thR insulating layer, and the corresponding quantum mechanical elec- 
tron tunnel rate. Insulating barriers less than --5 nm may be considered tunnel barriers. Insulating 
barriers greater Cian -10 nm may be considered capacitors. In practice, capacitor barriers are 
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conventionally imadc much thicker due to constraints of pinhole-ftee fehrication and non- 
quantum mechanical, ihemnally activated electron transport. 

Jun et al. are referring to a capacitor that functions as a capacitor, and teaches away &om 
charge transmiSiiion. 

In contrast to a capacitor, Appellants are refemng to a tunnel barrier device, wherein the 
device operatiori depends on the transmission of charge through the banier by quantum me- 
chanical tunneling. 



3. Conclusion ! 

The foiejping points are presemed to rebut certain aspects of the Examiner's Reply. Ap- 
pellants continui-r to maintain the patentability of flieir claimed invention. In view of the tbiego- 
ing and the arguments presented in the Appeal Brief, Appellants lespectfully request revorsal of 
the rejections and passing of the application to issuance. 



Respectfully submitted. 
THEODORE 1. KAMINS ET AL. 



March Jl, 2007 



David W. Collins 
Attorney for Appellants 
R^stration No. 26,857 



IP Administratiati 
Legal Department 
M/S35 

Hewlett-Packard Company 

P.O. Box 272400, Fort Collins, CO 80527-2400. 

Teleplume calls may be made to: 
S2Q/399-S203 (voice) 
520/399-3219 (fecsimile) 
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1 . Response to the argument ftat a semiconductor 
device is equivalent to a mn leeulaireleet^ iR riftvir^- 
On page 13. first paraph, of the Examiner's^Answer. the Examiner states tJiat 'the 
prior art of record teach productioii of semiconductor dwices which act to fonn electronic de- 
vices with molecular structures". 

Awiellatits respectfully disagree for the following reasons: 

A semiconductor device i$ one in which the properties of tlie semiconductor material 
produces the behavior of the device* The semiconductor forais the active part of the device and 
is not simply a piece of conn-scted material. (This is toward any argument that tries to make Ap- 
pellants' molecular device fcto a semiconductor device by virtue of the &ct that a connecting 
conductor may be doped polysilicon, or a supporting mechanical substrate may be silicon, etc.) 
A stogie molecule of silicon does not have the properties of a semiconductor, (rhcrefcrt, one 
could use a smgle molecule of silicon if one could figui« out how to make it wo* with some 
end group, but it would be a niolcctdar device and not a semiconductor device.) 

A semiconductor is not defined until fliere are enougji atoms to have energy band:? (typi- 
caUy, a valence Ijand and a conducticm band). A semiconductor is material with energy bands, 
each containing .si rang^ of allowed sl^s sqiarated by a small energy interval (much less than 
the energy corresponding to the ambient temperature in terms of kT, where k is the Bofcroann 
constant and T is the tcmpereture in degrees Kelvin), Because the energy interval from one al- 
lowed state to the next within the allowed band is small (with respect to the energy of the ambi- 
ent), die electron can access a nearby state and move to a different position by moving between 
energetically acoiissible states. In a semiconductor, a moderately large (wift respect to kl) en- 
ergy gap (typically a few tenths of an electron volt to several electron volts) separates allowed 
bands- At zero Kelvin temperature, all stales In a lower band (valence band) are filled, and all 
states in an upper band (conduction band) are empty. At finite temperature, some electrons are 
thera^ally excited from the valence band to die conduction band, providing carriers for conduc- 
tion; the empty stiles in the valence band (holes) also provide carriers for conduction. 

The entire theory of semiconductor physics and electronics is based on the presence of a 
lar^ge enough number of atoms such that the energy levels within an allowed "band" of enei^ies 
is much smaller tjian the energy corresponding to the ambient temperature. 

In contrast; the theory of molecular electronics is based on the properties of a <itngU 
molecule in isolation from like molecules. 
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A molecular device depends on properties of individual molecules, which have discrete 
energy levels serparaled by energies much greater than flie energy corresponding to the ambient 
temperature. The electrons on the energy levels within the molecule cannot readily move to ad- 
jacent stales and thus cannot move through the material classically. 

Sunmiarizing, a semiconductor device does not operate at the molecular level, with mo- 
lecular structureit, and the two mechanisms of opemtion are completely different, 

2. Response to the argument tiiat a c^acitive device is 
equivalent to a tiinn el barrier device and that all barriers are equal : 
On page 13, second ])aragraph, of the Examiner's Answer, the Examiner states lhat "as 
Appellant admitii Jun et al. a; least imply barriers. Appellant fiirdier points out that there would, 
be a finite probability of tunneling. This finite probability suggests a tunnel banrier layer." 
Appellarrts respectfully disagree for the following reasons; 

A capacitor and a tunnel barrier are indeed similar physical structureSi as both consist of 
a conductor/insulator/conducix>r configuration. However, they differ in one critical criteria - the 
thickness of the Insulator, which relates directly to the rate of electrical current flow acrass the 
insulator. 

A capacitor is a conductor/insulator/conductor structure that Is deliberately conslructed 
to eliminate clcc':rical current flow across the insulator. In practice, this is achieved by construct- 
ing insulating films that are relatively thick (typically > 50 nanometers (nm)) compared to the de 
Broglie wavelenij^h of an electron (-4).5 nm in most metals) and the evanescent decay length of 
an electrcMi quan -urn mechanically tunneling into a barrier region (-^2 nm for a 1 electmn Volt 
(eV) barrier). 

In contrast, a tunnel barrier is known to those skilled in the art as a conduc- 
tor/insulator/conductor structure that is deliberately constructed to allow small electrical ciin-ents 
to flow, via quamoim mechanical tunneling, across the insulator. In practice, this is achieN'ed by 
constructing insulating films that are relatively thm (typically 1 nm - 5 nm total thickness) when 
compared to the lelevant electron wavelength (--O^S nm) and evanescent decay length (M).2 nm) 
mentioned above. 

Thus, the critical distinction between a capacitor and a tunnel barrier must be mnde by 
inspecting the thi-:Jcness of the insulating layer, and the corresponding quantum mechanicai. elec- 
tron tunnel rate. Insulating barriers less than -5 nm may be considered tunnel barriers. Insulating 
barriers greater tl'ian -10 nm may be considered capacitors. In practice, capacitor barriers are 
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